Economic efficiency is the key issue of sustainable development in urban agglomerations. To date, more attention has been paid to the estimates of productivity gains from urban agglomerations. Differing from the previous studies, this paper focuses on the influencing factors and mechanisms of the economic efficiency of urban agglomerations, and check the effects of three different externalities (industrial specialization, industrial diversity and industrial competition) on the economic efficiency of urban agglomerations. The selected samples are multiple urban agglomerations, and the economic efficiency of urban agglomerations includes single factor productivity and total factor productivity. China's top 10 urban agglomerations are selected as the case study and their differences in economic efficiency are portrayed comparatively. Firstly, a theoretical analysis framework for three different externalities effect mechanisms on the economic efficiency of urban agglomerations is incorporated Secondly, economic efficiency measurement index system composes of labor productivity, capital productivity, land productivity and total factor productivity, and the impact of various factors on the economic efficiency of urban agglomerations is tested. The results confirm some phenomena (MAR externality, Jacobs externality and Porter externality) discussed or mentioned in the literature and some new findings regarding the urban agglomerations, derive policy implications for improving economic efficiency and enhancing the sustainability of urban agglomerations, and suggest some potentials for improving the limitations of the research.
Introduction
In the process of trade liberalization and economic globalization, urban agglomerations are increasingly becoming the center of modern economic growth and a new regional unit for the country to participate in global competition and international division. In today's economic globalization, "the world is not flat", half of the world's production activities are concentrated in 1.5% of the land area. If the total output per unit area is at an altitude, the world economic picture we see is a towering mountain peak formed by more than 10 metropolitan circles, a cluster of high and low hills composed of rural areas, a vast plain and a low-lying land formed by a depression [1] . More than 50% of the world population is now urban. With the annual increase of urban population by 1 million people its percentage will reach 67.2% by 2050 [2] [3] [4] . Urban concentration has been the subject of much attention in relation to economic development. Indeed, about the urbanization process that occurs with development [5] . Although the urban agglomeration process is not generally defined in the literature, its core features are universally agreed on. Urban agglomeration is an ensemble of many relatively independent cities, the sum of all interurban relationships of those cities [6] [7] [8] [9] .
Under the "new normal", China's sustainable economic development urgently needs to accelerate the transformation of economic development mode. It is necessary to achieve efficiencydriven economic growth with the goal of improving quality and efficiency. The urban agglomeration will become the main form of China's urbanization and become the new power engine and core growth pole for the sustainable development of China's economy. Currently, a magnitude of socioeconomic factors, such as capital, labor, technology and information etc., are accelerating centralization in densely-populous and developed urban agglomerations, which results in a higher ability to aggregate factors in these regions [10] [11] [12] . At present, China's urban agglomerations shows higher economic efficiency overall, but the economic efficiency differences between different urban agglomerations are also very obvious. Therefore, economic efficiency of urban agglomerations is widely regarded as a way of identifying their sustainable development.
Regarding the reasons of economic efficiency differences among urban agglomerations, previous studies have paid more attention to the differences in regional historical conditions, geographic location, development policies, and factor inputs. In fact, differences in regional economic efficiency may also stem from inter-regional industrial structures. However, there is a big controversy about the mechanism and way of industrial structure on economic efficiency. It is concentrated in whether industrial specialization or industrial diversity is more conducive to economic growth in a given region. In addition, there is another debate about whether monopoly or competitive markets will promote regional economic growth. The issues discussed can be summarized as three effects of the agglomeration economics, namely MAR externality [13] [14] [15] , Jacobs externality [16] , and Porter externality [17] . The mechanism of MAR externality is that industrial specialization promotes regional economic growth through intra-industry competition, imitation, and rapid changes in resources. In contrast to MAR externality, Jacobs externality argues that the most important knowledge spillover comes from complementary industries, and that industrial diversity in geographical proximity can promote innovation and productivity more than industrial specialization. In addition, MAR externality theory argues that monopoly can promote technological innovation, while Jacobs argues that competition market and collaboration between complementary industries can promote productivity. Porter [17] argues that competition among firms within the same industry contributes to the creation and adoption of innovation, which later scholars referred to as Porter externality. What is the source of economic efficiency in urban agglomerations? Why are there significant differences in economic efficiency between urban agglomerations? Is it MAR externality, Jacobs externality or Porter externality contributes to the economic efficiency of urban agglomerations? How can we effectively improve the economic efficiency of urban agglomerations? These problems need further research from both theoretical mechanism analysis and empirical test.
In order to better explain the economic efficiency changes and differences of urban agglomerations, a theoretical framework and empirical test system for the analysis of economic efficiency of urban agglomerations is constructed. In terms of theoretical interpretation, three different externalities effect mechanisms on the economic efficiency of urban agglomerations is incorporated. According to the theoretical analysis framework system of economic efficiency of urban agglomeration, China's top 10 urban agglomerations are selected as the case study, the mechanism of industrial specialization (MAR externality), industrial diversity (Jacobs externality) and industrial competition (Porter externality) on the economic efficiency of urban agglomerations is examined. The reference and guidance are provided for improving the economic efficiency and sustainable development of urban agglomerations.
The next section of this five-section paper reviews the literature. The third section describes materials and empirical methods. The four section interprets the results and discussions. The final section summaries the major findings, contributions, followed by suggestions for future work.
Literature Review
The rapidly growing urban agglomeration can affect urban sustainability. Therefore, understanding causes behind policies leading to agglomeration is necessary for developing mitigation strategies. With the rapid development of urban agglomerations, more and more scholars pay attention to the phenomenon of urban agglomerations, and carry out theoretical and empirical research on the economic development of urban agglomerations. In the last decade, many studies focused on spatio-temporal patterns of urban agglomeration and its driving forces [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] categorized as bio-physical and human factors. Bio-physical factors are natural environmental processes, such as climate dynamics, topography, and geomorphologic processes [28, 29] . Human factors include population growth, social and economic development, political and technological changes [18, 20] . Political driving forces (laws, policy, regulations and their implementation) are distinguished from external driving forces (socioeconomical, technological, cultural and natural causes), which provide the context. Regulations and implementations include the development of urban management policies, agreements, and land-use plans which are results of decision making processes [30] [31] [32] [33] . Previous studies have indicated that national city and land planning policies strongly affected urban patterns [33] [34] [35] . Moreover, the city planning law and the urban master plan are important tools for local governments to regulate urban development pattern. Evaluation of urban planning implementation has attracted much interest in recent years [36] [37] [38] .
The theory of agglomeration economies proposes that firms enjoy positive externalities from the spatial concentration of economic activities. These benefits can arise from intra-and inter-industry clustering of economic activities, referred to as localization and urbanization economies in the agglomeration literature (see Fujita et al. [39] ; Fujita and Thisse [40] ). The localization economies is also called as Marshall-Arrow-Romer (MAR) externalities from a dynamic perspective. The urbanization economies or diversity effects are also called as Jacobs externalities in a dynamic context. Regarding whether monopoly or competitive markets will promote regional economic growth, Porter [17] believes that market competition is conducive to knowledge innovation and spillovers, and the externality mainly comes from within the same industry rather than between different industries, which is also known as Porter externalities. A Melitz-style model of monopolistic competition with heterogeneous firms is integrated into a simple new economic geography model to show that the standard assumption of identical firms is neither necessary nor innocuous [41] . The study finds that agglomeration on economic geography has a selection effect and sorting effect. By separating out the common shock and the individual shocks using a multi-level dynamic factor model, some scholars analyze the competitive and complementary relationship between regional economies [42, 43] . To verify the role of MAR externality, Jacobs externality and Porter externality in economic growth, scholars have conducted a large number of empirical studies. The results of Glaeser et al. found that the intensity of competition (Porter externality) and the degree of industrial diversity (Jacobs externality) are conducive to industrial growth, while specialization (MAR externality) has a negative effect on industrial performance [44] . Henderson et al. found that for traditional industries, there is only MAR externality no Jacobs externality, and for high-tech industries there is both MAR externality and Jacobs externality (there is no introduction in the study to characterize Porter externality) [45] . Greenstone et al. discussed the relationship between the establishment of new factories in the new region and the productivity of local enterprises, who concluded that the newly established unions benefited from the similarity of local enterprises' technology and labor, and MAR externality was more significant [46] . Bishop et al. found that industrial diversity can promote employment growth in the UK. On the contrary, industrial specialization structures hinder regional employment growth [47] . Mameli et al. studied the role of regional diversity in the growth of employment in Italy, who distinguished the relevant and unrelated diversity of manufacturing and services. The research concluded that unrelated diversity in manufacturing promoted employment growth, and the related diversity in the service industry is conducive to employment growth [48] . Lucio et al. found evidence of dynamic effects due to specialization (MAR) based on data from the Spanish industry, but they did not find clear evidence on the presence of diversity (Jacobs) and competition (Porter) externalities [49] . Simonen et al. studied the role of high-tech industrial structure in regional economic growth, and found that the marginal benefits of high-tech industry diversity decreased, and the benefits of high-tech industry specialization were confirmed [50] . By analyzing the phenomenon of regional industry aggregation in a long-term perspective, Kemeny and Storper found that the growth of absolute specialization is positively related to wages, and the change of relative concentration is not significantly related to wage changes [51] . Evangelista et al. explored the specialization of key technologies in the European Union region and its impact on regional development. The econometric estimates in the paper indicate that specialization in key technologies will affect the region economic growth, and this effect is stronger in the EU region where innovation is weak [52] . Empirical research generally finds positive productivity gains from urban agglomeration, but estimates vary greatly in magnitude. Although there are a number of previous comprehensive reviews of the empirical literature on agglomeration, there has been no attempt to quantify the differences in results reported across studies [53] .
It can be seen that scholars pay attention to the differences between urban agglomeration characteristics and regional productivity, especially the characteristics of specialization and diversity agglomeration, characteristics of functional specialization and functional diversity, and the specialization and diversity of skill composition [54] . These kind of literatures mainly investigate the agglomeration characteristics of individual cities, but the "two-point method" of agglomeration features leads to the separation of different types of cities, and it is difficult to describe the urban structure and its dynamic evolution characteristics in the urban system [55] . And it is also difficult to reflect the reality and dynamic transformation process of specialization and diversity agglomeration characteristics [56] . According to the new economic geography literature, the division of functions of cities formed by the combination of "sorting effect" and "selection effect" has become the cause of higher productivity in large cities or urban efficiency differentiation [57] [58] [59] [60] . Although these kind of literatures provide an excellent analytical framework for in-depth analysis of urban efficiency differentiation from the perspective of urban functional division, the existing empirical research lacks extensive support for this understanding, and the relationship between urban system functional division and urban efficiency differentiation also requires a large amount of empirical evidence to validate [55, 61] .
Materials and Methods

Study Area
China's "13th Five-Year Plan" issued by the National Development and Reform Commission of China [62], has been proposed to promote the sustainable development of some key urban agglomerations. With reference to the Chinese government's development plan for urban agglomerations and the consensus of most scholars and the current economic development of various urban agglomerations, this paper selects top 10 urban agglomerations as study samples, such as the Beijing-Tianjin-Hebei, the Yangtze River Delta, the Pearl River Delta, the Shandong Peninsula, West Coast of the Straits, Southern of Liaoning, Central Plains, Middle Yangtze River, Chengdu-Chongqing, and the Central Shaanxi Plain urban agglomerations ( Figure 1 and Table 1) , which include a total of 122 cities. In 2013, the 10 urban agglomerations had a population of 533 million and total GDP of 38.29 trillion CNY, accounting for 39.2% of total population and 67.3% of total GDP in China. These urban agglomerations are the most fundamental areas supporting China's land development and also play a vital role in China's participation in global competition. Geographically, these top 10 urban agglomerations involve three regions in the east, middle and west of China with gradient differences, and can better represent the economic development level and characteristics of the three regions in China. 
Data Sources
In the paper, the data of index system originated from two sources. Most statistical data were derived from the authoritative statistical yearbooks, 
Methods
The economic efficiency of urban agglomeration refers to the allocation efficiency, production efficiency, exchange efficiency and consumption efficiency which use the existing technology and various resources to organize production and the distribution, exchange and consumption of products in the region. That is, the input and output efficiency of urban agglomerations. The economic efficiency of urban agglomerations can be measured not only by single factor productivity such as labor productivity, capital productivity, land productivity, but also by total factor productivity. In essence, the economic efficiency of urban agglomerations is also achieved through a series of micro-mechanisms and approaches. A theoretical and empirical analysis framework for the three different externalities effect mechanisms (industrial specialization, industrial diversity and industrial competition) on the economic efficiency of urban agglomerations is incorporated and checked. In order to achieve this goal, a flow chart of the research framework is shown in Figure 2 . According to the theoretical and empirical analysis framework system of economic efficiency of urban agglomeration, this paper constructs the following panel data models:
lnLGDP it = β 0 + β 1 lnRSI it + β 2 lnRDI it + β 3 lnIC it + β 4 lnP it + β 5 lnM it + β 6 lnTI it + ε it (1) lnKGDP it = β 0 + β 1 lnRSI it + β 2 lnRDI it + β 3 lnIC it + β 4 lnP it + β 5 lnM it + β 6 lnTI it + ε it (2) lnGGDP it = β 0 + β 1 lnRSI it + β 2 lnRDI it + β 3 lnIC it + β 4 lnP it + β 5 lnM it + β 6 lnTI it + ε it
lnTFP it = β 0 + β 1 lnRSI it + β 2 lnRDI it + β 3 lnIC it + β 4 lnP it + β 5 lnM it + β 6 lnTI it + ε it (4)
where LGDP it is the labor productivity of the i-th urban agglomeration in the t-th year, KGDP it is the capital productivity of the i-th urban agglomeration in the t-th year, GGDP it is the land productivity of the i-th urban agglomeration in the t-th year, and TFP it is the total factor productivity of the i-th urban agglomeration in the t-th year; RSI it is the industrial specialization division level of the i-th urban agglomeration in the t-th year (MAR externality), RDI it is the industrial diversity division level of the i-th urban agglomeration in the t-th year (Jacobs externality),and IC it is the industrial competitiom level of the i-th urban agglomeration in the t-th year (Porter externality).And P it is the number of patent application for the unit land area of the i-th urban agglomeration in the t-th year, and M it is the marketization index of the i-th urban agglomeration in the t-th year,and it is the transportation infrastructure for the unit land area of the i-th urban agglomeration in the t-th year. Before the regression analysis, all the indicators were logarithmically processed. ε it is the random error term, μ i is the individual effect,  t is the time effect. i=1, 2, ..., 10, representing 10 urban agglomerations; t=1, 2, ..., 16, representing time 2001, 2002, ..., 2016. E(μ i ) = 0, E( i ) = 0, E(μ i u it ) = 0, E( i u it ) = 0. Calibrated variables in the panel data models are shown in Table 2 . Table 2 . Calibrated variables.
Variables
Abbr. Description
Explained variables
Single factor productivity labor productivity
LGDP the ratio of the sum of GDP to the total number of employed people capital productivity KGDP the ratio of the sum of GDP to the sum of capital stocks land productivity GGDP the ratio of the sum of GDP to the total land area Total factor productivity TFP input and output efficiency The economic efficiency measurement methods are generally divided into two categories: one is the single factor productivity measurement method. In the beginning, both academics and governments used single factor productivity as a measure of economic efficiency. Since 1926, the first US Bureau of Labor Statistics, which regulates the productivity of various industrial sectors, has adopted the method of measuring labor productivity. This method of measurement has been widely used in theory and practice, and has continued until now. According to this idea, many scholars later calculated the capital productivity. Labor productivity and capital productivity become the most important representatives of single factor productivity. Many scholars use these indicators to reflect the economic efficiency of a company, industry, region or country. Single factor productivity is an absolute efficiency indicator, and its benefits are real, easy to understand, and easy to compare. The other type is the total factor productivity measurement method. The main measurement methods include growth kernel algorithm, frontier analysis and index method. As a frontier analysis method, Data Envelopment Analysis (DEA) uses the optimization method to determine the weight of various input factors endogenously, avoiding the specific expression of the relationship between input and output, and eliminating the interference of many subjective factors on the measurement method. It also has advantages such as no relationship with market price, and is especially suitable for economic efficiency evaluation of complex economies. This paper uses both single factor productivity and total factor productivity methods, so as to more comprehensively measure the economic efficiency of urban agglomerations. Firstly, referring to the research of scholars such as Pain [66] , the single factor productivity method is used to measure the economic efficiency of urban agglomerations, and three specific indicators are adopted: labor productivity (LGDP), capital productivity (KGDP), and land productivity (GGDP). Among them, Labor productivity (LGDP) is the ratio of the sum of GDP to the total number of employed people in urban agglomerations,and the capital productivity (KGDP) is the ratio of the sum of GDP to the total capital stocks of urban agglomerations, and land productivity (GGDP) is the ratio of the sum of GDP to the total land area of urban agglomerations. The capital stock is estimated using Goldsmith's Perpetual Inventory Method (PIM) [67] . The basic estimation formula is:
where and −1 represent the regional capital stock of t and t-1 period respectively, is the capital depreciation rate of period t, and is the investment amount of period t. Secondly, the total factor productivity method is used to measure the economic efficiency of urban agglomerations. This paper uses the DEA-Mamquist model to measure the total factor productivity of urban agglomerations. According to the classical Cobb-Douglas production function:
where the two most important input factors in economic growth are labor L and capital K. In macroeconomic output, natural resources are also a key production factor, the most important of which is the land element. The output of efficiency is the macroeconomic output of the urban agglomeration. Therefore, the economic efficiency measurement model of the urban agglomeration includes three input indicators and one output indicator. The first input indicator is the input of labor factor, measured by the total number of employed people in the urban agglomeration. The second input indicator is the capital factor, measured by the total capital stock of the urban agglomeration in the current year, which is consistent with the capital stock estimate in the capital productivity. The third input indicator is the natural factor, which mainly refers to the input of the land elements of the urban agglomeration, measured by the total land area of the urban agglomeration. The DEA-Malmquist exponential model can be used to measure the change in total factor productivity of China's top 10 urban agglomerations from 2001 to 2016. The Malmquist index of total factor productivity changes from t to t + 1 is:
where , , +1 , +1 represent the input and output of the decision unit i in the t and t + 1 periods respectively, and ( , ), ( +1 , +1 ), +1 ( , ), +1 ( +1 , +1 ) represent the distance function.
It is worth noting that the Malmquist index measures only the change of total factor productivity.The total factor productivity (TFP) value of an urban agglomeration can be expressed as:
where TFP it is the total factor productivity of the i-th urban agglomeration in the t-th year, and TFPCH it is the change value of the total factor productivity of the i-th urban agglomeration in the tth year, that is, the Malmquist index measured by the DEA model. This paper sets 2001 as the base period,that is, TFP i2001 = 1. i = 1, 2, ..., 10, representing 10 urban agglomerations; t = 1, 2, ..., 16 At present, there are three main ideas for the estimate of industrial specialization and diversity: Firstly,industry classification is used to measure specialization and diversity. The indicators of industrial specialization mainly include location quotient, Herfindahl-Hirschman index, Krugman specialization index. The main methods of measuring industrial diversity include: the proportion of the top five industries in terms of total employment [44] , the lowest value of the location quotient [68] , the reciprocal of the Gini coefficient, the relative diversity index [69] . The second idea is to use the " quotient " in the theory of dissipative structure to construct the measurement index of industrial specialization and diversity,which include concentration index, quotient diversity index, Gibbs-Martin diversifity index and relative quotient index, etc. The third way is using patent classification to measure the industrial specialization and diversity based on the technical links of economic activities.
Considering the comparability of calculation results, the practical explanation and the availability of the data, the relative specialization index (RSI) and relative diversity index (RDI) are used. Among them, the relative specialization index (RSI) is the maximum location quotient of various industries in the urban agglomeration. The calculation formula is:
where RSI i is the relative specialization index of the i urban agglomeration, and indicates that the number of employees in the industry j of i urban agglomeration accounts for the total number of employees in all industries in the urban agglomeration, and indicates that proportion of the total number of employees in the j industry accounts for the national. The relative specialization index (RSI) measures the specialization degree of the j industry in the i urban agglomeration relative to the national level. If this variable is positive, it indicates that industrial specialization (MAR externality) improves the economic efficiency of urban agglomerations.
The calculation formula of the relative diversity index (RDI) is:
where RDI i is the relative diversity index of the i urban agglomeration, the interpretation of and is the same as in Equation (10). This indicator reflects the industrial diversity environment of the j industry in the i urban agglomeration. If the regression coefficient of the indicator is positive, it reflects that industrial diversity (Jacobs externality) promotes the economic efficiency of urban agglomerations.
For the measurement of the intensity of industrial competition (IC) in an urban agglomeration, which is shown as the ratio of the number of enterprises owned by the employees in j industry of i urban agglomeration to the average value of the national proportion in the country:
where IC ij is the industrial competition index of the industry j of i urban agglomeration, and indicates that the number of enterprises in the industry j of i urban agglomeration, indicates that the number of employees in the industry j of i urban agglomeration.
indicates that the number of enterprises in the industry j in the country, indicates that the number of employees in the industry j in the country. Obviously, the larger the value of this indicator, the more companies there are in the region, and the more competitive the company faces. If the regression coefficient of the variable is positive, it indicates that the competition among enterprises in the same industry is conducive to promoting the economic efficiency of the urban agglomeration, that is, Porter externality exists.
Results and Discussion
Stationarity Test of Variables
Since many of the selected variables have a time trend, in order to prevent the phenomenon of pseudo-regression, it is necessary to first test the stability of each variable. In this paper, the four kinds of stationarity test methods of Levin-Lin-Chu panel unit root test (LLC), Im-Pesaran-Shin panel unit root test (IPS), Fisher-Augmented Dickey-Fuller test (ADF-Fisher) and Fisher-Phillips-Perron test (PP-Fisher) are used to ensure the accuracy of the test conclusion. Table 3 reflects the results of the stationarity test for each variable sequence. According to the results of the four test statistic of each variable in Table 3 , the original variable is not stable, but the first-order difference of all variables are stable, that is, obey the I(1) process. It can be seen that the variables are the same order. The co-integration test of the explained variables and explanatory variables can be performed before the regression analysis.
Cointegration Test between Variables
The Pedroni cointegration test method is the most commonly used co-integration test method, which can provide multiple test statistics at the same time, thus enhancing the scientificity of the test conclusion. The co-integration test results of the explained variable and the explanatory variable are shown in Table 4 . Note: *, **, *** indicate that the variable is significant at 10%, 5% and 1% confidence levels respectively.
From Table 4 , it can be found that the Modified Phillips-Perron (Modified PP), Phillips-Perron(PP), and Augmented Dickey-Fuller (ADF) statistics test of lnLGDP, lnGGDP, lnKGDP, and lnTFP all reject the null hypothesis that "there is no co-integration relationship." Therefore, it can be concluded that there is a co-integration relationship between the explained variables and the explanatory variables. Therefore, this paper can select the variables and panel data model to analyze the influencing factors on economic efficiency of China's top 10 urban agglomerations.
Panel Data Model Results
Estimate Results of Single Factor Productivity of Urban Agglomerations
The estimate results of Equations (1)-(3) are shown in Table 5 . Table 5 , lnLGDP, lnGGDP, and lnKGDP are all fixed effect models as the optimal model. Analyze the estimate results of the model, some interesting findings are got.
Firstly, from the influencing factors on labor productivity (lnLGDP), the industrial specialization variable (lnRSI) statistical result is significant, and the coefficient is positive. This indicates that MAR externality exits, and the industrial specialization is conducive to the improvement of labor productivity of urban agglomerations. The coefficient of industrial diversity variable (lnRDI) is negative, but statistical result is not significant, which indicates that Jacobs externality is not supported. The industrial competition variable (lnIC) statistical result is significant, and the coefficient is positive. This indicates that Porter externality exits, and the industrial competition is conducive to the improvement of labor productivity of urban agglomerations. The technological innovation (lnP) and transportation infrastructure (lnTI) variables statistical results are significant, and the coefficient is positive, which indicates that the technological innovation and transportation infrastructure are conducive to the improvement of labor productivity of urban agglomerations. The marketization institution variable (lnM) statistical result is significant, and the coefficient is negative, which indicates that the marketization institution is not conducive to the improvement of labor productivity of urban agglomerations.
Secondly, from the influencing factors on land productivity (lnGGDP), the coefficient and statistical results of all variables are consistent with the estimates of labor productivity (lnLGDP).The results indicate that MAR externality and Porter externality exit,which show that the industrial specialization and the industrial competition are conducive to the improvement of land productivity of urban agglomerations. The Jacobs externality is also not supported in land productivity. The technological innovation and transportation infrastructure are conducive to the improvement of land productivity of urban agglomerations,while the marketization institution is opposite.
Thirdly, from the influencing factors on capital productivity (lnKGDP), the variables (lnRSI,lnRDI,lnIC) statistical results are significant. The coefficient of industrial specialization (lnRSI) and industrial diversity (lnRDI) variables is negative,which indicates that MAR externality and Jacobs externality do not exit. So the industrial specialization and industrial diversity are not conducive to the improvement of capital productivity of urban agglomerations. The coefficient of industrial competition variable (lnIC) is positive, which indicates that Porter externality exits.The industrial competition is conducive to the improvement of capital productivity of urban agglomerations. The technological innovation (lnP) variable statistical result is significant, and the coefficient is positive, which indicates that the technological innovation is conducive to the improvement of capital productivity of urban agglomerations. The marketization institution (lnM) and transportation infrastructure (lnTI) variables statistical results are not significant.
Estimate Results of Total Factor Productivity of Urban Agglomerations
The estimate results of Equation (4) are shown in Table 6 . Table 6 that the fixed effect model is the optimal model. By analyzing the estimate results of the model, this paper can get some basic results.
From the influencing factors on total factor productivity (lnTFP) of urban agglomeration, the industrial specialization variable (lnRSI) statistical result is significant, and the coefficient is negative. This indicates that MAR externality does not exit, and the industrial specialization is not conducive to the improvement of total factor productivity of urban agglomerations. The coefficient of industrial diversity variable (lnRDI) is positive, and the statistical result is significant, which indicates that Jacobs externality exits. The industrial diversity is conducive to the improvement of total factor productivity of urban agglomerations. The industrial competition variable (lnIC) statistical result is significant, and the coefficient is positive. This indicates that Porter externality exits, and the industrial competition is conducive to the improvement of total factor productivity of urban agglomerations. The technological innovation (lnP) variable statistical result is significant, and the coefficient is positive, which indicates that the technological innovation is conducive to the improvement of total factor productivity of urban agglomerations. The marketization institution variable (lnM) statistical result is significant, and the coefficient is negative, which indicates that the marketization institution is not conducive to the improvement of total factor productivity of urban agglomerations. The transportation infrastructure (lnTI) variable statistical result is not significant.
Discussions
Specialization and Diversity
The industrial structure has an important impact on regional economic growth. However, there is a big controversy about the way the industrial structure affects regional economic growth. It is concentrated in the fact that whether industrial specialization or diversity in a given region is more conducive to economic growth (MAR externality or Jacobs externality). According to MAR externality theory, a certain enterprise can benefit from the economic activities of other enterprises in the same industry in a given region. And the Jacobs externality theory believes that companies mainly benefit from the economic activities of enterprises in different industries or complementary industries. The study in this paper finds that the results of the two externalities show differences when measuring economic efficiency with different indicators (Table 7 ). Table 7 , MAR externality exists in labor productivity and land productivity, which is consistent with the findings of some scholars [45, 46, [49] [50] [51] [52] . Jacobs externality exists in total factor productivity, which is consistent with the findings of some scholars [44, 45, 47, 48] . MAR externality does not exist in capital productivity and total factor productivity, which may be related to the lockin effect of the single industry and the industry life cycle. Jacobs externality does not exist in labor productivity,land productivity and capital productivity, which may be related to the macroeconomic situation and the impact of the external market environment.
Monopoly, Competition, Complementarity
The difference between MAR externality and Jacobs externality is not only reflected in the specialization or diversity which is conducive to regional economic growth, but also in whether monopoly or competitive market will promote regional economic growth. According to MAR externality theory, monopoly is more conducive to technological innovation and growth. Jacobs externality theory argues that a highly competitive market environment is conducive to accelerate the company's technological innovation and promote regional economic growth. However, Jacobs externality theory emphasizes competition and complementarity in different industries. Porter externality theory argues that market competition within the same industry rather than different industries is conducive to knowledge innovation and spillover. From the results of this study, the Porter externality exists regardless of the indicators of economic efficiency (labor productivity, capital productivity, land productivity, and total factor productivity). It can be seen that the competition of many enterprises within the same industry is conducive to the economic efficiency of urban agglomerations.
Economic Efficiency and Environmental Efficiency
Environment is a driving force of urban agglomeration which is also the undesirable output. Many scholars proposed extended DEA models to introduce environment as the undesirable output into the evaluation process of environmental efficiency. Urban agglomerations are also the sites at which contradictions between resource utilization, environmental pollution, and economic development are most apparent [70] . In recent years, urban environmental efficiency has received much attention from researchers. This paper discusses the land productivity, which reflects environmental efficiency from one side. Among the factors affecting land productivity, industrial specialization (MAR externality), industrial competition (Porter externality), technological innovation, and transportation infrastructure have positive effects on land productivity. The marketization institution is not conducive to the improvement of land productivity, and the effect of industrial diversity (Jacobs externality) is not obvious. These researches have certain policy implications and can provide reference for policy makers to formulate policies. Land productivity has a certain correlation with environmental efficiency. Because the improvement of land productivity is conducive to the intensive use of land, and it is a necessary requirement to deal with the relationship between economic construction, resource utilization and environmental protection. The mixed land uses is one of the key indicators affecting the environmental changes efficiency [71] . Exploring the general distribution characteristics and evolution rule of urban land use efficiency is of great significance for the efficient integration between urban land use system and the external environment [72] .
Conclusions
Urban agglomeration is an advanced stage of urbanization development， and the development of urban agglomeration has the characteristics of stage and dynamic. At different stages of development, the degree of maturity is different, and the economic efficiency will also be characterized by high and low. Different from previous research, this paper focuses on the influencing factors and mechanisms of economic efficiency of urban agglomerations, and check the effects of three different externalities (industrial specialization, industrial diversity and industrial competition) on the economic efficiency of urban agglomerations. The selected samples are multiple urban agglomerations, and the economic efficiency of urban agglomerations includes single factor productivity and total factor productivity. Taking China's top 10 urban agglomerations as an example, the economic efficiency of urban agglomerations is tested, which are composed of labor productivity, capital productivity, land productivity and total factor productivity. In summary, this paper draws the following main research conclusions.
Firstly, the urban agglomeration is not only a spatial region but also an economic region, and the economic characteristics and functions are more essential elements of the urban agglomerations. From the perspective of the spatial structure of the urban agglomeration, it has at least one or more core cities with international competitiveness. The urban distribution in the region reaches a high density, and the cities are open to each other and interconnected through developed infrastructure such as transportation and communication. From the perspective of the economic characteristics of urban agglomerations, it is an economic agglomeration composed of many urban units at the macro level. It is an industrial cluster at the meso level and a corporate cluster at the micro level.
Secondly, industrial specialization, industrial diversity and industrial competition effect (MAR externality, Jacobs externality and Porter externality) to economic efficiency of urban agglomerations show differences. MAR externality exists in labor productivity and land productivity, but it does not exist in capital productivity and total factor productivity. Jacobs externality exists in total factor productivity, but it does not exist in labor productivity,land productivity and capital productivity. Porter externality exists regardless of the indicators of economic efficiency (labor productivity, capital productivity, land productivity, and total factor productivity), which showes that the competition of many enterprises within the same industry is conducive to the economic efficiency of urban agglomerations.
Thirdly,there are orther key factors affecting economic efficiency of urban agglomerations, and show differences. The technological innovation is conducive to the improvement of both single factor productivity (labor productivity, land productivity and capital productivity) and total factor productivity of urban agglomerations. The marketization institution is not conducive to the improvement of labor productivity, land productivity and total factor productivity of urban agglomerations. The transportation infrastructure is conducive to the improvement of both labor productivity and land productivity of urban agglomerations.
Finally, in order to improve the economic efficiency of urban agglomerations, the overall principle should be to promote the coordinated development and sustainable development of urban agglomerations. Specific recommendations include: Firstly, the government should break the monopoly, especially reduce barriers to entry so as to promote the evolution of industrial innovation with the substitution of new enterprises, thus driving the economic efficiency of urban agglomerations. In addition, we must accelerate the pace of market integration, encourage competition among enterprises in different regions so as to promote economic growth. Secondly, the focus of industrial policy should be different. The policy focus should consider not only the differences between the MAR externality and Jacobs externality on the economic efficiency of urban agglomerations, but also their differences in the effects to single factor productivity and total factor productivity. Thirdly, improve the technological innovation level of urban agglomerations and synergistically promote the technological progress of urban agglomerations. Fourthly, the market institution is a double-edged sword. It is necessary to foster strengths and avoid weaknesses, and provide institutional guarantee for the coordinated development of urban agglomerations. At the same time, according to the calculation results of single factor productivity and total factor productivity, each urban agglomeration can make targeted improvements to weak links in industrial specialization, industrial diversity, industrial competition, technological innovation, or transportation infrastructure.
However, further research is needed as follows: Firstly, the scientific calculation of the total factor productivity of urban agglomerations. If the indicators, data, and methods are different, the measurement results of the total factor productivity of the urban agglomeration will show large differences. In the follow-up study, it is necessary to select more realistic indicators, and use different methods to measure and compare, and calculate more scientific and objective total factor productivity of urban agglomerations. The second is the study of the spatial effects of urban agglomerations. The spatial effects of urban agglomerations can be studied from three aspects: the spatial structure of urban agglomerations, the formation mechanism of spatial patterns of urban agglomerations, and the spatial spillover effects of urban agglomerations. The third is the study of the green economy efficiency of urban agglomerations. This paper believes that the process of improving the economic efficiency of urban agglomerations is actually to make the resources of each city more rationally allocated and efficiently utilized through industrial division and technological progress, which is conducive to resource conservation and reduction of pollution emissions. Therefore, the economic efficiency of urban agglomerations contains the concept of green development. Economic efficiency has a high correlation with green economy efficiency. However, the green economy efficiency will have more and more direct consideration of resources and environmental issues. Future research can consider more resources and environmental issues in the process of economic development of urban agglomerations, construct a scientific and rational evaluation index system for green economy efficiency, and incorporate environmental factors into the theoretical analysis framework of economic efficiency of urban agglomerations, exploring the role and mechanisms of industrial division, technological progress and institution to improve the environment of urban agglomerations.
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